tial information when reading a visualization (or computer graphics) paper. In particular, I describe how to read the paper to perform a literature review-for example, to write a Eurographics STAR (state-of-the-art report). Such a report is a helpful way to get an overview of published research in a subfield of visualization and computer graphics.
This article builds on my experience in both writing literature reviews [2] [3] [4] [5] [6] [7] [8] [9] and teaching in the classroom. I've given these guidelines for undergraduate, master's, and PhD students taking my Data Visualization class, as part of an assignment requiring them to summarize a visualization paper, extracting and capturing the most important concepts and information. This is the first time many of the students have had to do this. These guidelines have demonstrated themselves useful for this task. They can be given out directly in the classroom and discussed. They've also formed the basis for several successful literature reviews as part of students' PhD work. [2] [3] [4] [5] [6] 8 
Concept versus Implementation
First, it's important to understand the difference between a concept and its implementation. Looking up the meanings of "concept" and "implementation" online yielded this: some aim or executing some order;" 2. "the act of implementing (providing a practical means for accomplishing something); carrying into effect" (http://wordnet.princeton.edu).
In other words, a concept is an idea or thought. As Ralph Waldo Emerson said, "Every revolution was first a thought in one man's mind." This applies to not only revolutions but also every human-made object. A concept is abstract. It's not something with mass that you can weigh on a scale.
An implementation is the actualization of a concept. In other words, it's a concept that has been brought into reality. Most implementations are actual objects with mass that you can weigh on a scale (software being one exception). A concept usually starts out as an idea in someone's mind. It's then often written down on paper, perhaps as a hypothesis or specification. (It's better to write it down than simply communicate it verbally.) Finally, it's implemented.
The concept behind a paper can be mapped to the paper's contribution in terms of a literature review. Here's an example of a basic concept mapping:
■ Concept-a writing utensil. A writing utensil is a tool that a person (or animal) can use to communicate with others by drawing symbols.
■ Implementation-a pencil. A pencil uses graphite to write on a piece of paper.
Furthermore, a writing utensil can have many different implementations: pens, markers, PDAs, and so on. The variety of implementations is essentially unlimited. Think of how many different pens and pencils you've seen in your lifetime. There are many varieties of pencils alone-for example, those made out of plastic, wood, or metal. The notion that a given concept might have different implementations is important when you're reading or writing a research paper, as well as in most other areas of life that require critical thinking.
Regarding this article, I described its concept in the introduction and will describe its implementation in the next section. Conceptually, the guidelines I give here act as a filter. An entire research paper is the filter input, whereas the essential information is what passes through the filter.
Extracting the Essentials
When you're reading a visualization research paper, focus on and write down this information: ■ Application domain. The domain is the visualization of medical-record data and single-photon emission computed tomography data.
Reviewers' biggest criticism of literature reviews is that they're simply a list of papers. This is why I emphasize related work. It's important to know how a paper relates to its predecessors and to state this explicitly. This forms a piece of the overall puzzle, which you can build piece-by-piece as in Figure  7 of "The State of the Art in Flow Visualization: Dense and Texture-Based Techniques" 3 or Table 1 of "Topology-Based Flow Visualization: The State of the Art" 4 or "Over Two Decades of IntegrationBased, Geometric Flow Visualization." 6 Although this process might not seem difficult to experienced researchers, it's a skill that takes time and practice.
Breadth versus Depth
So far, I've described how to speed up the acquisition of a breadth of knowledge. After the breadth phase of research comes the depth phase. Once you've identified a specific research project, you'll most likely require a greater understanding of a select few research papers. During this phase, you'll spend more time on individual papers rather than, say, the one to two hours per paper in the breadth phase. In addition, multiple passes through a paper will likely be necessary.
Also, a complete understanding of the results presented in a paper might require knowledge of a previous paper. In the previous section, I identified this previously published literature as one of the essential items to extract. Reading and understanding this literature might not be necessary during the breadth phase. However, reading and understanding it is necessary if you use a given paper in the depth phase-that is, when you've decided on a research prototype you'd like to implement.
If the goal of reading a paper is to actually implement the presented approach, you'll need a deeper understanding of the technique. So, you'll need to reread the parts of the paper describing the authors' model (concept) and its implementation, possibly multiple times. If some aspect of the model or implementation isn't clear (this can happen often, because page limits prevent inclusion of some details), you could query the authors. My experience in this regard has generally been Once you've identified a specific research project, you'll most likely require a greater understanding of a select few research papers.
quite positive. Authors are often happy to discuss and answer questions regarding their published research. They might even be willing to share their implementation, or subsets of it. Alternatively, you could contact other experts in the field who have closely related experience. It's difficult to judge how fruitful a research direction or project might be on the basis of just one research paper, unless you're already an expert in the field or have a good number of years' experience. This is where a literature review's value lies. A good literature review identifies mature areas where much work has been done and newer directions where more unsolved problems lie. Luckily, a wealth of literature reviews exists, such as those found in ACM Computing Surveys and Eurographics STARs. Computer Graphics Forum and IEEE Transactions on Visualization and Computer Graphics also publish literature reviews.
I
hope this article is a helpful aid to anyone reading visualization research papers for the first time or carrying out a literature review in the field. For a look at related work on reading and writing research papers, see the sidebar.
S
everal online resources are available for writing a literature review. Emerald Group Publishing has posted a general how-to guide.
1 Dena Taylor focuses on the health sciences, 2 whereas Kim Lie focuses on psychology. 3 You can find other online guidelines by searching for "literature survey" or "literature review."
What I present in the main article isn't a how-to guide on writing a literature review, however. I focus on a specific component of the literature review process: given one paper, how to extract the vital, most important information. This is meant to complement and facilitate a literature review. It also complements my previous papers on how to write a visualization paper. 4, 5 To my knowledge, my article is the only guide to reading research papers that focuses on visualization. However, I believe it can be generalized and adapted to other topics, especially computer graphics.
Alan Smith described how to read a manuscript from a referee's viewpoint. 6 Allen Lee presented another interesting paper on how to read a research paper to conduct a review. 7 My article's goal isn't how to read a paper from a referee's viewpoint, which is a different process.
Al Globus and Eric Raible wrote a great tongue-incheek article on how to cheat when presenting visualizations. 8 Tamara Munzner provided a nice overview of ways to prevent an information visualization paper from being rejected during review. 
